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Abstract
The EDGES experiment has observed an excess trough (−500+200−500 mK) in the brightness
temperature T21 of the 21cm absorption line of neutral Hydrogen atom (HI) from the era of
cosmic dawn (z ' 17.2). We consider possible interaction of Dark Matter and Dark Energy
fluid along with the cooling off of the baryon matter by its collision with Dark Matter to
explain the observed excess trough of T21. We make use of three different Dark Matter-Dark
Energy (DM-DE) interaction models to taste the viability of those models in explaining the
EDGES results. The evolution of Hubble parameter is modified by DM-DE interactions
and this is also addressed in this work. This in turn influences the optical depth of HI
21cm as well as the baryon temperature and thus effects the T21 brightness temperature.
In addition we also find that the DM-DE interaction enables us to explore Dark Matter
with varied mass regimes and their viabilities in terms of satisfying the EDGES result.
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1 Introduction
The hyperfine transition in ground state Hydrogen atom that emits radiation with frequency
about 1.42 GHz or in the form of 21cm hyperfine line could be an effective probe to map the
Cosmos in general and the cosmic processes during the Cosmic dark ages and the epoch of
reionisation in particular since it is the Hydrogen (around ∼ 75 % and helium around 25%)
that overwhelmingly dominates the known matter of the Universe. The 21cm line (emission or
absorption) results from the transition between the energy levels of two spin states in neutral
Hydrogen at it’s ground state (HI), when the spin directions of proton and electron in the
Hydrogen atom change from parallel (triplet state, S = 1) to antiparallel (S = 0) and vice versa.
The spin temperature Ts of the 21cm transition is defined in terms of the populations n1
and n0 respectively of triplet states and singlet states. Considering a Boltzmann distribution
one can write n1/n0 = g1/g0 exp(−hν/kTs). With g1(= 3) and g0(= 1) being respectively the
statistical weights of the triplet and singlet spin states, k the Boltzmann constant and ν, the
frequency (∼ 1.42 GHz) of the hyperfine line, one obtains, n1/n0 = 3 exp(−T∗/Ts) ' 3(1−T∗/Ts),
T∗ = E21cm = hν/k = 68 mK. The 21cm Hydrogen absorption line which depends on the
difference between this spin temperature Ts and the background temperature is an effective
probe to understand the Universe.
Although the era of z = 1100 is considered to be the recombination era (the epoch of CMB
last scattering) when CMB decouples from matter (and free stream), the large number of photons
involved prevents such a scenario in totality as Compton scattering keeps the matter coupled to
the radiation. Thus even though the matter temperature Tm after decoupling should have cooled
faster as Tm ∼ (1+z)2 than the CMB radiation (Tγ ∼ (1+z)), this was not the case till the time
scale of the Compton heating supersedes the Hubble time. This happens at around z ∼ 200 when
matter actually decouples from radiation and cool adiabatically and the matter temperature Tm
should follow Tm ∼ (1 + z)2. On the other hand the spin temperature Ts which is expected to
couple to CMB decouples at z ∼ 20 as the first star appears. The UV radiation that was emitted
by those first stars initiates triplet to singlet transition through Wouthuysen-Field effect and the
spin temperature moves towards the matter temperature Tm. The combined effects of Ts, Tm and
the background CMB, is expressed as the brightness temperature of 21cm Hydrogen absorption
line T21 with respect to the background temperature. This can be expressed as
T21 =
Ts − Tγ
1 + z
(1− e−τ ) ' Ts − Tγ
1 + z
τ , (1)
where τ is the optical depth given by [1]
τ =
∫
ds(1− e−E21cm/kTs)σνn0 (2)
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where σν is the local absorption cross-section and n0, as mentioned earlier, is the number of
Hydrogen atoms in singlet states. Thus 21cm brightness temperature, T21 depends on the dif-
ference between the neutral Hydrogen spin temperature and the CMB temperature as well as
on the optical depth of the medium and 21cm absorption line suggests Ts < Tγ (the background
temperature is taken to be the CMB temperature). Therefore 21cm cosmology is an effective and
important tool to understand the behaviour and evolution of cosmos in general and the“Dark
ages” leading to the reionisation era in particular, the epoch from which not many cosmological
or astrophysical events are available for probing the Universe.
The EDGES (Experiment to Detect the Global Epoch of Reionization Signature) experiment
measured and reported a strong 21cm absorption line at the period of cosmic dawn in the
redshift range 14 < z < 20. The trough of the absorption profile centered at 78 MHz (21cm
absorption line redshifted to 78 MHz) in the sky averaged spectrum which corresponds to z = 17.2
and at z = 17.2, the EDGES reported a 21cm brightness temperature of T21 = −500+200−500 mK
with 99% confidence limit (C.L.) [2]. From standard cosmology the expected 21cm brightness
temperature at this redshift is not below T21 ' −200 mK and thus the observed T21 by EDGES
is 3.8σ below what is expected. Since T21 depends on Ts − Tγ, this observed additional cooling
could be realised by either enhancing the background temperature Tγ or by lowering the matter
temperature Tm (= Ts at that epoch). Dark Matter interactions can influence both the options.
The process of annihilation or decay of Dark Matter can inject more energy into the background
resulting in the rise of the background temperature [3] - [6]. Again it may be possible that Dark
Matter-baryon interaction cools the baryons as the baryons interact with colder Dark Matter and
consequently the spin temperature also goes down as Ts couples to Tm at that epoch [7] - [10].
There are other ideas that can induce the observed larger than expected difference between the
background temperature and Ts such as axions [11, 12], modification of CMB temperature by
Dark Energy [13], interacting Dark Energy (IDE) [14]-[16]. The IDE models and its influence of
21cm brightness temperature has been discussed in Li et al [17]. In literature there exist several
other attempts to explain this observational inconsistency of EDGES experiment [18] - [27].
In this work we consider the Dark Matter-baryon scattering and Dark Matter-Dark Energy
interaction to evaluate the brightness temperature. The approach is to solve six coupled differ-
ential equations that involves the evolution equations of Dark Matter temperature Tχ, baryon
temperature Tb (≡ Tm, matter temperature) , the drag Vbχ on the baryon velocity due to it’s
collision with Dark Matter, the evolution of electron fraction xe as well as the evolution of Dark
Energy and Dark Matter densities due to the Dark Matter-Dark Energy interaction. Note that
Dark Matter-Dark Energy interaction involves energy transfer that affects the evolution of the
Universe. The background evolution, if modified, would change the evolution of Hubble pa-
rameter H(z). This would affect the optical depth and the evolution of baryon temperature
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and consequently affects the 21cm brightness temperature T21 as is evident from Eq. 1 above.
We have taken all these into account in the present work and show that Dark Matter-baryon
interaction along with a possible Dark Matter-Dark Energy interaction can well explain the ob-
served additional trough in 21cm brightness temperature at cosmic dawn era by EDGES. In these
analyses we have also aimed to provide constraints on the model parameters of a class of phe-
nomenological IDE models by considering the results of EDGES observation. These constraints
are further compared with the limits obtained from other cosmological experiments.
The paper is organised as follows. In Sect. 2, we describe the interaction between Dark Matter
and baryon fluid by considering a temperature difference and a velocity difference between these
two fluids. Sect. 3 is devoted to investigate the interaction between Dark Matter and Dark
Energy while three IDE models are taken into account. In Sect 4 the six coupled differential
equations (previously mentioned in the introduction) which have to be solved to obtain 21cm
brightness temperature, are described in detail. Sect. 5 is dedicated to furnish our calculations
and results. We compute the modifications of the evolution of Hubble parameter for different
IDE models and calculate the 21cm absorption signal by switching on the Dark Matter-baryon
and Dark Matter-Dark Energy interaction effects. We also observe the allowed parameter spaces
for the model parameters consistent with the EDGES results. Finally in Sect. 6 we give a
summary of our work along with a discussion.
2 Interactions Between Dark Matter and Baryon Fluids
In literature it has been observed that baryons can be cooled down by the interaction with a
colder Dark Matter fluid [28] and hence DM-baryon scattering influence the brightness temper-
ature of 21cm line. But in Ref. [29] Munoz et al had discussed that not only the temperature
differences between the two fluids (interacting Dark Matter and baryon) are responsible for the
temperature change of the fluids but also the velocity differences between the two fluids will
affect their temperature. The tendency to damp their relative velocity will have a heating effect
in both of the fluids. The velocity difference between Dark Matter and baryon fluid generates
from the fact that Dark Matter starts collapsing at the time of matter - radiation equality but
the baryons experience it after they decoupled from photons. The Dark Matter-baryon relative
velocity at kinetic decoupling is denoted as Vχb ≡ Vχ− Vb, where Vχ and Vb denote the velocities
of Dark Matter and baryon respectively. This relative velocity redshifts away with the expansion
of the Universe. Therefore the interactions between two fluids of different velocities have two
effects, one is to reduce the relative velocity between them (dragging effect) and the other is to
equilibrate their temperature (heating/cooling effect). In the following we give the expressions
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and brief accounts related to these two effects.
The Drag Term
The drag term is calculated in Ref. [29] and is given as,
D(Vχb) ≡ −dVχb
dt
=
ρmσ0
mb +mχ
1
V 2χb
F (r) . (3)
In the above r ≡ Vχb/uth, u2th ≡ Tbmb +
Tχ
mχ
and F (r) ≡ erf( r√
2
)−
√
2
pi
e−r
2/2r while mb, mχ are the
masses of baryon and Dark Matter respectively and ρm is the energy density of total matter. In
their calculations they have used the parametrization σ¯ = σ0v
−4 [30] for interaction cross section
of Dark Matter and baryon fluid.
The Heating / Cooling Terms
The interactions between two fluids of different temperature will heat up the colder fluid and
cool down the warmer one. The heating rate in this case is proportional to the temperature
difference of the fluids. However interactions between two fluids of same temperature but of
different velocities can also contribute to the heating/cooling of the fluids. In Ref. [29], this
heating term has been evaluated and with this the rate of baryon heating is written as [29]
dQb
dt
=
2mbρχσ0e
−r2/2(Tχ − Tb)
(mχ +mb)2
√
2piu3th
+
ρχ
ρm
mχmb
mχ +mb
VχbD(Vχb) , (4)
where ρχ denotes the energy density of Dark Matter and Tb, Tχ are baryon temperature and
Dark Matter temperature respectively. The first term on the r.h.s. of the above equation arises
due to the temperature difference of the two fluids (Tχ − Tb) and the second term comes due to
the velocity difference between them. The heating rate of Dark Matter Q˙χ can also be obtained
from the above equation by simply replacing b with χ and vice versa.
3 Inetractions Between Dark Matter and Dark Energy
As mentioned earlier, interactions between Dark Matter and Dark Energy will also have impacts
on the absorption signal of 21cm line. For the standard cosmological model the evolution of Hub-
ble parameter with redshift z takes the formH(z) = H0
√
Ωb0(1 + z)3 + Ωχ0(1 + z)3 + Ωde0(1 + z)3(1+ω),
where Ωx0 represents the density parameter of the x component of the Universe at z = 0 (x ≡ b
(baryonic matter), χ (Dark Matter), de (Dark Energy)) and ω is the equation of state for Dark
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Energy. However, in an interacting Dark Matter-Dark Energy (DM-DE) scenario, energy den-
sity of Dark Matter (ρχ) and Dark Energy (ρde) are not evolving as (1 + z)
3 and (1 + z)3(1+ω).
Therefore, such interactions modify the expansion rate H(z) of the Universe. This would affect
the optical depth and spin temperature of the 21cm transition and consequently have significant
effects on brightness temperature (T21) observations.
Considering the possible interactions between Dark Matter and Dark Energy, the continuity
equations of their energy densities are given as [17],
(1 + z)H(z)
dρχ
dz
− 3H(z)ρχ = −Q , (5)
(1 + z)H(z)
dρde
dz
− 3H(z)(1 + ω)ρde = Q , (6)
where Q denotes the energy transfer between Dark Matter and Dark Energy due to their inter-
actions. Different interacting Dark Energy (IDE) models can be obtained with different forms
of Q [31]-[37]. Here in our calculations, we take three simple and well studied phenomenological
models where the energy transfer Q has following forms [38]-[41],
Model-I Q = 3λH(z)ρde ,
Model-II Q = 3λH(z)ρχ ,
Model-III Q = 3λH(z)(ρde + ρχ) .
In the above, λ is the interacting parameter of DM-DE interactions. The stability conditions for
these phenomenological IDE models are given in Table 1, [40] - [43].
Model Q EOS of Dark Energy constraints
I 3 λH(z)ρde −1 < ω < 0 λ < 0
I 3 λH(z)ρde ω < −1 λ < −2ωΩχ
II 3 λH(z)ρχ ω < −1 0 < λ < −ω/4
III 3 λH(z)(ρde + ρχ) ω < −1 0 < λ < −ω/4
Table 1: Stability conditions of the IDE models
Moreover these models of IDE are extensively studied and well constrained by using the
PLANCK data, baryon acoustic oscillation (BAO) data, Supernova Ia (SNIa) observational data
etc. [40] - [48]. In Table 2 we show the constraints on the model parameters. It can be noted
from Table. 2 that constraints are very tight for Model-II and Model-III. It is pointed out in
[44] that these two models have significant effects on low l region of CMB power spectrum and
therefore are tightly constrained.
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Model ω λ H0
3λHρde −0.9191+0.0222−0.0839 −0.1107+0.085−0.0506 68.18+1.43−1.44
3λHρde −1.088+0.0651−0.0448 0.05219+0.0349−0.0355 68.35+1.47−1.46
3λHρχ −1.1041+0.0467−0.0292 0.0007127+0.000256−0.000633 68.91+0.875−0.997
3λH(ρde + ρχ) −1.105+0.0468−0.0288 0.000735+0.000254−0.000679 68.88+0.854−0.97
Table 2: Constraints on the parameters of the IDE models from different cosmological experi-
ments
In the following we will focus on few objectives. Firstly, we will investigate the effects of
DM-DE interactions along with the DM-baryon interactions, on the brightness temperature of
21cm line. Secondly, we will explore whether a IDE model, which is well in agreement with
the constraints given from other experiments (constraints given in Table 2), is also consistent
with the constraints from the EDGES observations of 21cm signal. To this end we compare
the constraints on three above mentioned IDE models obtained from the EDGES results with
those from other experiments. We also compute the bounds on Dark Matter mass mχ, DM-DE
interaction strength λ and dark matter-baryon interaction cross section σ0.
4 Temperature Evolutions and the Background Evolu-
tions
In this Section we compute the evolutions of various temperatures (Tχ, Tb etc.) including the
effects of DM-baryon interaction as also DM-DE interactions as discussed above. The evolution
equations are given by the coupled differential equations,
dTχ
dz
=
2Tχ
1 + z
− 2Q˙χ
3(1 + z)H(z)
− 1
nχ
2Q
3(1 + z)H(z)
, (7)
dTb
dz
=
2Tb
1 + z
+
Γc
(1 + z)H(z)
(Tb − Tγ)− 2Q˙b
3(1 + z)H(z)
. (8)
The above equations are obtained using the formalism described in Sects. 2 and 3 and Refs.
[28, 49]. Note that, in order to include the DM-DE interaction in the evolution equations, we, in
this work, add a relevant term (3rd term on the r.h.s. of Eq. (7)) for the evolution equation of
Tχ. The first term on the r.h.s. is due to the adiabatic expansion of the Universe while the second
term is due to the DM-baryon interactions. On the r.h.s. of Eq. (8) the first and third terms are
related to the adiabatic cooling of the Universe and DM-baryon interactions respectively while
the second term is due to other heating/cooling effects. In the above equations Tγ = 2.725(1+z)K
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denotes the photon temperature and Γc =
8σT arT
4
γxe
3(1+fHe+xe)mec
is the Compton interaction rate (here
σT and ar are the Thomson scattering cross section and the radiation constant respectively while
fHe denotes the fractional abundance of He. The free electron abundance xe = ne/nH and me
is the electron mass while c is the speed of light). As baryon temperature depends on the free
electron fraction xe, the evolution of xe also needs to be simultaneously computed. This evolution
equation is given by the relation [50]
dxe
dz
=
CP
(1 + z)H(z)
(
nHABx
2
e − 4(1− xe)BBe
−3E0
4Tγ
)
, (9)
where CP represents the Peebles C-factor [51], E0 is the ground state energy of Hydrogen, AB
and BB are respectively the effective recombination coefficient and the effective photoionization
rate to and from the excited states respectively [52, 53].
In this work we have also considered the variation of relative velocity Vχb with redshift as
discussed in [29],
dVχb
dz
=
Vχb
1 + z
+
D(Vχb)
(1 + z)H(z)
, (10)
where the first term on the r.h.s. signifies that relative velocity redshifts away with the expansion
of the Universe and the second term on the r.h.s. is for the dragging force on Vχb.
Note that since Eqs. (3 - 10) are all coupled, DM-DE interaction term in Eq. (7) will affect the
various observables to be computed by solving these equations. For example, DM-DE interactions
modify the expansion rate H(z) of the Universe and evolutions of energy densities of Dark Matter
ρχ and Dark Energy ρde. This in turn modifies the terms in Eqs. (3 - 10). The Eqs. (7 - 10) are
to be simultaneously solved with Eqs. (5 - 6) in order to obtain the temperature evolutions of
baryons and Dark Matter where these possible considerations are taken into account.
As mentioned in Sect. 1, the brightness temperature of 21cm line, T21 can be evaluated from
the equation,
T21 =
Ts − Tγ
1 + z
(1− exp−τ ) ≈ Ts − Tγ
1 + z
τ . (11)
Thus T21 is proportional to the difference between the spin temperature Ts and the background
radiation temperature Tγ. At the time of cosmic dawn due to the Wouthuysen - Field effect
induced by the Lyα photons, Ts ' Tb i.e., spin temperature is approximately equal to the gas
temperature or baryon temperature [54] - [56]. In equation (11), τ denotes the optical depth
of the intergalactic medium and expressed as τ = 3
32pi
T∗
Ts
nHIλ
3
21
A10
H(z)
[1], where A10 denotes the
Einstein coefficient [52] for spontaneous downward transition from triplet to singlet state, λ21
is the wavelength of 21cm line, nHI denotes the number density of the neutral Hydrogen while
T∗ is the temperature corresponding to the energy of the 21cm photon transition. It may be
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noted that the optical depth of the gas is dependent on H(z) and hence will be influenced by
the DM-DE interactions. For smaller values of H(z), one obtains larger values of τ which give
stronger absorption signal of 21cm line.
5 Calculations and Results
In this work, we simultaneously consider the Dark Matter-baryon interactions and Dark Matter-
Dark Energy interactions and study its impact on the 21cm line in general and the excess trough of
21cm absorption line from the era of cosmic dawn reported by EDGES experiment in particular.
We simultaneously solve the Eqs. (3 - 10) by developing a computer code to calculate and obtain
the behaviours of several quantities related to 21 cm brightness temperature T21. Here it can
be mentioned that the results are parameterised in terms of a dimensionless cross section σ41,
defined by σ41 =
σ0
10−41cm2 .
In Fig. 1 evolutions of Hubble parameter H(z) with redshift z are plotted (shown is the
dimensionless quantity H(z)/H0, where H0 is the Hubble parameter at z = 0) for different
values of DM-DE interaction parameter λ, namely λ = −0.1, 0.1. In Fig. 1(a) the variations are
shown for Model-I (Sect. 3) while in Fig. 1(b) it is for Model-II (Sect. 3) and in Fig. 1(c) it
is plotted for Model-III (Sect. 3). In Fig. 1 the evolutions are also compared in all the cases
with the H(z) of ΛCDM model (for ΛCDM, λ = 0). These differences of the evolution of Hubble
parameter H(z) for different values of λ and different models would affect the optical depth
and baryon temperature or spin temperature and hence will affect the brightness temperature
of 21cm line. It may be mentioned that only DM-DE interactions are considered for evaluating
the results of Fig. 1. The effects of DM-baryon scattering along with the DM-DE interaction
are discussed later.
In order to better understand the influence of the effects considered in this work on 21cm
brightness temperature, we define a quantity ∆T21 = T
x
21−T 021, where T 021 is the calculated value
of brightness temperature T21 at z ' 17.2 for ΛCDM model and T 021 ' −0.22 K (the expected
brightness temperature at z ' 17.2) while T x21 corresponds to the brightness temperature at
z ' 17.2 for different values of λ and σ41. We then compute the variations of ∆T21 with λ for a
set of four different fixed values of Dark Matter-baryon scattering cross-section σ41 (in units of
10−41 cm2) namely σ41 = 0, 0.1, 1, 10 while the Dark Matter mass mχ is kept fixed at different
chosen values. Note that the choice σ41 = 0 signifies no Dark Matter-baryon interaction. The
results are plotted in three plots (plots (a), (b), (c) of Fig. 2). Fig. 2(a), Fig. 2(b), Fig. 2(c)
correspond to the computed results with the chosen Dark Matter masses mχ = 0.1 GeV, 1 GeV
and 10 GeV respectively for Model-I in Sect. 3. It can be observed from Fig. 2, that for all
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Figure 1: Evolutions of Hubble parameter with redshift z for different IDE models (Model-I
in (a), Model-II in (b), Model-III in (c)) with the values of λ=-0.1, 0.1. In all the cases the
evolutions are also compared with the Hubble parameter of ΛCDM (the blue line).
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the cases, ∆T21 tends to assume more negative values as the DM-DE interaction parameter λ
increases. This in turn signifies that the discrepancy in the observed value of T21 (depth of
measured trough of T21 is more than expected) is better addressed for higher values of λ. Thus it
appears that the DM-DE interaction has significant influence on 21cm absorption line and hence
on brightness temperature at cosmic dawn epoch. This can be envisaged from Fig. 1 too. From
Fig. 1, one sees that when λ is positive, the Hubble parameter H(z) falls below what is expected
for ΛCDM (no DM-DE interaction case). This is also true for z = 17.2, the redshift at which the
measured value of T21 is less than expected. Since the optical depth τ ∼ 1/H(z), reduction in
H(z) implies increase in τ and hence one expects an enhanced negative brightness temperature
T21 (T21 ∼ ((Ts − Tγ)/(1 + z))τ) as observed by EDGES experiment.
It can also be noted that for every value of mχ the discrepancy between the results expected
in case of standard cosmology and EDGES results are better addressed for non-zero values of
σ41. Hence when Dark Matter baryon interactions are considered, the larger absorption signal of
21cm line can be obtained. It is also clear from Fig. 2 that smaller Dark Matter masses better
obliviate the tension by producing large values of T x21 at z ' 17.2. But for mχ = 0.1GeV and
σ41 = 1, 10 the brightness temperature are too large to fit the range of EDGES result [2] −300
mK≥ T21 ≥ −1000 mK (or -0.1 K≥ ∆T21 ≥-0.8 K). For other masses the results are well within
the EDGES observations for positive interacting parameters and larger σ41. The allowed regions
for EDGES results are shown by solid black lines in Fig. 2 (the region between the two black
lines in Fig. 2(a) and the regions below the black line for Fig. 2(b) and 2(c)).
In Fig. 3 we furnish similar plots as in Fig. 2 but with Model-III (Sect. 3). It can be
observed that in this case also 21cm brightness temperature tends to have larger values for
positive interaction strength and larger values of σ41. In Fig. 3 the region below the black solid
line indicates the allowed values of ∆T21 from EDGES result. One may conclude from Fig. 3
that the EDGES observations for T21 are satisfied for λ & 0.04. But from Table 2 it is found that
the upper bound of λ from other experimental constrains is 0.000989. Hence, for this model the
constraints from EDGES observations and the constraints from other experiments do not agree
with each other. This is also the case when Model-II for IDE (Sect. 3) is adopted in the analysis.
We have also repeated our calculations even with lower DM masses but have obtained similar
results. Therefore these two models do not appear to corroborate with the constraints obtained
from these EDGES results.
It may be mentioned here that in our calculations the choice of the equation of state parameter
ω is made in such a way that it remains consistent with the constraints given in Table. 2. The
initial value of relative velocity Vχb is taken to be 3 × 10−5c while Vrms = 10−4c [57]. But we
have checked that even if we adopt different values [58, 59] as the initial values of Vχb then the
average of the computed results using those initial values do not differ significantly.
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Figure 2: The variations of ∆T21 (= T
x
21−T 021) with the DM-DE interaction strength λ for Model-
I. The variations are plotted for three different values of Dark Matter mass (mχ = 0.1 GeV (in
Fig. 2(a)), 1 GeV (in Fig. 2(b)) and 10 GeV (in Fig. 2(c)). For each mass the variations are
compared for different values of σ41. The allowed regions for EDGES results (-0.1 K≥ ∆T21 ≥-0.8
K) are shown by solid black lines. The region between the two black lines in Fig. 2(a) and the
regions below the black line for Fig. 2(b) and 2(c) are allowed for EDGES result.
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It may be noted that the excess depth of the T21 absorption signal mainly depends on DM-
baryon interaction σ0, DM-DE interaction parameter λ and also on Dark Matter mass mχ, within
the framework of the present formalism. A larger DM-baryon interaction cross section cools down
baryon (and heating up Dark Matter) and thus lowers the T21 absorption signal further. On the
other hand a large positive DM-DE interaction parameter λ lowers the Hubble expansion rate
H(z) which in turn increases the optical depth and hence decreases the baryon temperature.
Therefore larger values of λ are also useful for deeper T21 absorption trough as observed by
EDGES. Also note that smaller values of Dar Matter mass mχ would lead to higher DM-baryon
interaction rate thus lowering the baryon temperature.
Figure 3: The variations of ∆T21 (= T
x
21 − T 021) with the DM-DE interaction strength λ for
Model-III. The variations are plotted for mχ = 0.1 GeV and are compared for different values of
σ41. The regions below the black solid line are allowed for EDGES result (-0.1 K≥ ∆T21 ≥-0.8
K).
We now calculate the allowed ranges of the parameters λ, mχ and σ41 for Model-I (Sect. 3)
for which the 21cm brightness temperature would satisfy the EDGES observations. In Fig. 4 we
plot the allowed range of parameters in λ − mχ parameter space for which the EDGES result
−300 mK> T21 > −1000 mK is satisfied. The allowed parameter space is shown by the shaded
region in Fig. 4. The parameter space on the left of the shaded region is disallowed by EDGES
result. It can be seen from Fig. 4 that for larger Dark Matter mass one requires larger λ to
interpret the EDGES result. This can also be seen from Fig. 4 that the positive values of λ are
more favourable but in case λ is negative, the Dark Matter mass has to be less than 2 GeV for
obtaining the EDGES result. Also more negative the value of λ is lighter the Dark Matter mass
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should be for the EDGES range of T21 to be satisfied. For example if λ ' −0.1 the Dark Matter
mass should be less than 1 GeV. This also corroborates the result shown in Fig. 2. Although
the computations of Fig. 4 are made for σ41 = 1, we also checked that similar allowed regions
are obtained when σ41 = 0.1 or σ41 = 10 is considered.
Figure 4: Allowed parameter space for Dark Matter mass and DM-DE interaction strength to
obey the EDGES observations.
In Fig. 5, the allowed regions for Model-I (Sect. 3) in the mχ − σ41 parameter space (that
satisfies the EDGES limit −300 mK≥ T21 ≥ −1000 mK) are shown while the DM-DE interaction
are kept fixed at a chosen value. The allowed region in Fig. 5(a) is for λ = 0.08 while that in Fig.
5(b) is obtained using λ = 0 (no DM-DE interaction). In both the cases the allowed parameter
space is shown as the shaded regions (in Fig. 5(a) and Fig. 5(b)). Thus Fig. 5 compares the
allowed mχ−σ41 parameter regions with and without DM-DE interactions. It may be mentioned
here that we have also made our calculations with other fixed values of λ to obtain similar results
and those are not shown. Comparing Fig. 5(a) with Fig. 5(b) it is clear that DM-DE interaction
modifies the allowed mχ − σ41 parameter space. In fact the region of allowed parameter space
increases when the DM-DE interaction is turned on. Therefore, DM-DE interaction increases
the possibility that higher range of dark matter mass and scattering cross-section can impart the
cooling effect on baryon temperature, required for lowering of T21 brightness temperature than
what is normally expected from ΛCDM model. Also since the nature and mass of dark matter is
still unknown, the DM-DE interaction effects raise the possibility of probing larger mass ranges
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of Dark Matter to have caused the cooling effect of Tb. Therefore DM-DE interaction not only
adds to the lowering of Tb but allows to probe Dark Matter of different mass ranges that could
have caused the observed EDGES result for T21 brightness temperature.
We have also repeated our calculations with DM-DE interactions of Model-II and Model-III.
But unlike Model-I which has been discussed above, the computed values of T21 fail to satisfy
the EDGES results along with the other observational results for Model-II and Model-III.
Figure 5: Allowed parameter space for Dark Matter-baryon interaction cross section and Dark
Matter mass to obey the EDGES results. In Fig. 5(a) and Fig. 5(b) the allowed region with
DM-DE interactions (λ = 0.08) and without DM-DE interactions (λ = 0) are compared.
6 Summary and Discussions
In this work we study the effect of interacting Dark Energy with Dark Matter as well as the scat-
tering of baryon matter with Dark Matter to explain the excess of 21cm absorption temperature
reported by EDGES experiment. The EDGES experiment has observed an excess absorption
signal of 21cm brightness temperature T21 at the era of the cosmic dawn of the Universe. Ac-
cording to the EDGES report T21 = −500200−500 mK with 99% confidence limit at redshift z ' 17.2.
Expected 21cm brightness temperature from standard ΛCDM model should not be below −200
mK at that redshift. Therefore (as T21 ' Ts−Tγ1+z τ) modifications in the background temperature
(Tγ) or in the spin temperature (Ts) or in the optical depth (τ) or simultaneous modifications
of all of them are needed to explain the EDGES result in the cosmic dawn era. In this work we
consider Dark Matter-baryon scattering as well as Dark Matter-Dark Energy interaction to eval-
uate the brightness temperature T21. The approach is to solve six coupled differential equations
that includes the evolutions of the energy density of Dark Matter ρχ, energy density of Dark
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Energy ρde, baryon temperature Tb, Dark Matter temperature Tχ, free electron fraction xe and
the relative velocity Vχb with redshift z.
We note that DM-DE interaction modifies the expansion rate H(z) of the Universe. This
modification in the evolution of the Hubble parameter H(z) would affect the optical depth of
the Hydrogen cloud and the baryon temperature Tb (Tb = Ts at cosmic dawn epoch) and thus
consequently alter the temperature of 21cm line T21. On the other hand the scattering between
the Dark Matter and baryon would also affect the baryon temperature and hence modify the
T21 signal. The Dark Matter-baryon interactions in this work include the effects of temperature
differences as well as a velocity difference between these two fluids. By taking all these into
account we show that Dark Matter-baryon interaction along with Dark Matter-Dark Energy
interaction can well explain the observed trough of 21cm brightness temperature at cosmic dawn
era by EDGES experiment. For the DM-DE interaction we adopt three interacting Dark Energy
(IDE) models. We provide constraints on the IDE models described in Sect. 3 on the basis of
the EDGES result. Furthermore comparing these constraints with the constraints obtained from
other cosmological observations (Table. 2) it can be noted that while the constraints obtained
from EDGES observations are consistent with other experimental results for Model-I (Q =
3λH(z)ρde), similar constraints for IDE using EDGES results when Model-II (3Q = λH(z)ρχ) or
Model-III (Q = 3λH(z)(ρde +ρχ))is used for IDE are not in agreement with the same from other
experimental results. Hence the last two models are in severe tension in case DM-DE interaction
influences the 21cm temperature at cosmic dawn epoch.
We explore the allowed range of parameters in λ − mχ and mχ − σ41 parameter space for
which the EDGES result (−300 mK> T21 > −1000 mK) is satisfied. It is found from our analyses
that larger DM-baryon interaction cross section σ0, larger DM-DE interaction parameter λ and
smaller DM mass mχ are more favourable to achieve observed excess absorption feature of 21cm
temperature in the cosmic dawn epoch. This can be understood by analysing Fig. 2, Fig. 4 and
Fig. 5. One can notice from the allowed regions of the plots in Fig. 5 that the presence of the
DM-DE interaction enhances the possibility that higher range of DM mass and scattering cross
section can lower the T21 within EDGES range. Hence DM-DE interaction raises the possibility
of probing larger mass ranges of Dark Matter that could have influenced the cooling effects of
Tb . Therefore DM-DE interaction not only lower the brightness temperature T21 but allows to
probe DM of different mass ranges that could have given rise to the observed EDGES result for
T21 brightness temperature. In the end we would like to comment that with more possible data
expected when new experiment namely Square Kilometer Array (SKA) will be operational and
with further analysis of those results we edge to the better understanding of the physics of 21cm
absorption signature.
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